A new study on stickleback provides a framework for understanding how the behaviour of individuals in groups, and the structure and movements of groups themselves, can be predicted from the personalities of individual group members.
Managers, judges or heads of department are well aware that different teams, juries or hiring committees differ substantially in their behaviour from one group to the next. However, predicting how groups of individuals will function together, when each individual has their own personality, opinions and desires is particularly challenging. This problem has also proved difficult for behavioural ecologists. It is well established that individual animals differ consistently in their behaviour [1, 2] . But many species live in complex social environments, and it is far from clear how the heterogeneous make-up of groups of individuals with different personality types influences groups' collective behaviour. For example, do individuals with different personalities occupy different roles or different spatial positions in groups? How does a group's make-up influence how the group moves or how it is structured? And what are the functional consequences for individuals belonging to groups with others of similar or different personalities? More generally, it has been unclear how to develop and test a mechanistic framework that could help predict how individuals with different personalities will behave in groups. In this issue of Current Biology, Jolle Jolles and colleagues [3] tackle this problem using stickleback, and uncover how different group structures, leadership roles, movement patterns and foraging dynamics emerge when groups are composed of individuals with different personalities. Their comprehensive approach shows for the first time how the properties of groups can be predicted from the personality types of the constituent individuals.
Social environments are likely to maintain the diversity of personality types in populations. One reason for this is that frequency-dependent selection should act to maintain different behavioural phenotypes, as individuals with different personalities stand to gain benefits from associating with different types of individuals [4] [5] [6] . For example, less explorative individuals may benefit from associating with, and thereby scrounging information from, more explorative individuals, while more explorative individuals may benefit from the presence of less explorative individuals because the risk of predation is reduced in larger groups. However, many groups, such as bird flocks and fish schools, are characterised by fission-fusion dynamics, where group membership changes regularly [7] . Owing to the standing diversity of differences between individuals' behaviour, groups can therefore be composed of individuals with a multitude of different behavioural phenotypes [8] . There have been numerous attempts to predict how the behaviour of groups may depend on the personalities of their constituent group members, but this has yielded mixed results, especially in groups larger than pairs of individuals [9] . Sometimes the behaviour of individuals in groups can be predicted from how individuals behave on their own [10] , whilst in other cases, it is unclear whether personalities are lost, or simply become undetectable in social settings [11] .
The problem with understanding how individuals with different personalities will behave in groups stems from the complex web of factors that could influence an individual's behaviour in social environments. First, an individual's behavioural phenotype can be composed of multiple axes of behavioural variation [12] . For example, individuals may differ in how 'explorative' they are, but may also differ in their degree of 'sociability'. Importantly, these two axes may not necessarily be tightly coupled and therefore may be affected by the social environment in different ways. Second, which particular individuals an animal associates with, and thereby the relative differences in personality between individuals in a group, could also affect how behaviours are expressed [13] . Finally, the ecological context, such as foraging or anti-predator behaviour, could also affect different personality types differently. With all these factors, and their associated interactions, it becomes clear that being able to predict how individuals will behave in groups is far from trivial.
In their new study, Jolles et al. [3] take on this challenge and set out to establish a mechanistic framework that can be used to predict how the behaviour of a group is determined by the personalities of its group members. To do this, the authors use stickleback (Gasterosteus aculeatus) which naturally form shoals of varying size with fission-fusion dynamics. Stickleback have also proved an important test subject in personality research. The authors first performed classic personality assays on individual fish, and the result of Jolles et al. [3] that individuals were consistent in their exploration and in a separate test, sociability, when tested on their own ( Figure 1A) , confirmed previous findings [14] [15] [16] . What is interesting about the current work, however, is that individuals' exploration and sociability scores were not statistically correlated with each. On the other hand, an individual's swimming speed was negatively correlated with its sociability score; faster moving fish were less sociable than their slower moving counterparts ( Figure 1A) .
Jolles et al. [3] then took these individuals with known personality types and randomly composed groups of five fish. Each group was then given a battery of ecologically relevant behavioural assays to test whether the structure of the group and the behaviour of individuals within the group (measured using highly quantitative custom-written tracking software) could be predicted based on the individuals' previously measured sociability and exploration scores. In a first test, designed to assess group structure in an open-field, homogenous environment, individuals with higher sociability scores were slower and closer to their neighbours within groups compared to less sociable individuals.
Less sociable, faster individuals, however, were more likely to be found at the periphery and front of groups, and were more likely to lead group movement ( Figure 1B) . Indeed, this is consistent with observations that faster individuals emerge as leaders in other social species [17, 18] . Between groups, groups composed of less sociable individuals formed less cohesive, faster and more polarised schools compared to groups composed of more sociable individuals ( Figure 1C ). These variations in group structure are consistent with recent observations of similar variation in wild stickleback shoals [19] . Individuals' exploration scores, however, were neither correlated with within-or between-group behavioural differences in this context.
To investigate the functional consequences of having varied personality types in groups, the groups were then given the task of finding food either in an open environment or in an environment with patches of artificial vegetation. In these foraging contexts, both the sociability and exploration scores of the individual fish predicted their foraging success. Groups composed of less sociable, more explorative individuals found and depleted food sources faster than groups composed of more sociable, less explorative fish ( Figure 1D ). This was also true for individuals within the group; individuals that were relatively less sociable and more explorative than their group members had the highest foraging success. Therefore, while individuals' sociability scores affected group behaviour in both open schooling and foraging contexts, individuals' exploration scores were only influential in the foraging context.
The authors then round off their study by using a simulation model to show the predictability and generality of their empirical work. By giving agents in a self-propelled particle model different speeds (analogous to the degree of sociability in the real fish), different goal-oriented behaviour (analogous to exploration behaviour of the real fish), and simple interaction rules, the authors could reproduce the spatial organisation, structural differences, and foraging success of individuals both within and between groups in the simulations ( Figure 1E ). This model confirmed, therefore, that the two key behavioural axes the authors had identified in stickleback could be used in a mechanistic framework to predict how groups of different personality types will behave when interacting together. The new research by Jolles et al. [3] takes an impressive step forward in predicting how individuals in groups will behave based on their individual personality. The simplicity of their model in capturing the behavioural differences between groups allows researchers to make specific predictions about how individuals will behave in groups, before going on to empirically test these predictions in natural systems. Their research also opens up a range of questions that will be of interest to both empiricists and theoreticians ( Figure 1F ). With this new work, it seems that unravelling the intricacies of individual personalities in groups is more achievable than once imagined.
The sensations of sound, acceleration and touch are mediated by mechanotransduction channels, which convert mechanical stimuli into electrical responses. The structure of one such channel, NOMPC, was recently solved by cryo-EM, revealing a bundle of helices that may act as coiled springs to transmit the forces that open the channel.
Mechanotransduction, the conversion of mechanical stimuli into electrical responses, underlies the sensations of sound, acceleration, touch and osmotic pressure. Mechanically sensitive ion channels have been identified in bacteria and yeast [1] , worms [2] , flies [3] [4] [5] and mammals [6, 7] . A key open question is the molecular mechanism of the gating of these channels: how is force, which often originates from outside the cell, transmitted to the pore-forming domain
